Background: Coronary artery ectasia (CAE) is well-recognized, angiographic finding of abnormal coronary artery dilatation, and detected in 0.3-5.3% of angiographic studies. The gold standard for diagnosis this type of aneurysm is coronary angiography, which provides information about the size, sample, location and number of aneurysms. Despite growing prevalence in recent years, controversy still exists as to the pathogenetic mechanisms that underlie this entity. In this study we search the effect of isolated CAE on P-wave and QT interval dispersion. Patients and methods: Twenty patients (mean age: 60 ± 9.7 years) with isolated CAE (group I) were included in the study and 18 control subjects (group II) matched in sex and age. Both groups underwent a standard 12-lead surface electrocardiogram recorded at 50 mm/s. Maximal (P max) and minimal P-wave durations (P min) are measured. P dispersion (PD) was defined as the difference between P max and P min. QT interval was measured from the onset of the QRS complex to the end of the T-wave, defined as the return to the T-P isoelectric line. The mean of three consecutive intervals in each analyzable lead was taken for analysis. QT dispersion was defined as the difference between the longest and shortest QT intervals and the rate corrected with Bazett's formula. Results: P max (117.1 ± 4.6) and PD (34.2 ± 5.4) were significantly higher in ectatic patients (group I) than those of the control (group II) [P max (100.5 ± 5) and PD (18 ± 5.4)], while no significant difference between the two groups as regards P min. C QT duration (401 ± 4.4), QT dispersion (31.7 ± 3), and C QT dispersion (33.9 ± 3.3) were significantly higher in group I than those of group II [C QT duration (391.9 ± 2), QT dispersion (27.3 ± 1), and C QT dispersion (29 ± 0.9)]. While there were no statistically significant difference between the two groups as regards echo data (EDD, ESD, EF, LA, LVMI, and AO). Conclusion: Isolated CAE were found to be associated with prolonged dispersion of P-wave and QT interval.
Introduction
Coronary artery ectasia (CAE) or aneurysmal coronary artery disease (CAD), which is commonly defined as distension of the part of a coronary vessel up to 1.5 times the diameter of an adjacent vessel, is a rare coronary anomaly, and considered to be congenital or acquired. 1, 2 Clinical symptoms vary and include stable angina pectoris, unstable angina pectoris, and atypical chest pain. Coronary artery ectasia is thought to be a variant of the coronary atherosclerosis. 1, 3, 4 Moreover, it has been shown that isolated diffuse CAE in the absence of coexisting obstructive lesion can induce myocardial ischemia as documented by increased lactate production in the coronary sinus by means of incremental atrial pacing. 5 Markis et al. 6 provided an anatomical classification for CAE and found increased mortality rates in patients with CAE (annual mortality rate, 15%), which by that time, was similar to mortality rates of obstructive 3-vessel disease. Their autopsy findings in patients with CAE who died suddenly showed that underlying histological changes were identical to those found in atherosclerotic lesions. P-wave abnormalities, detected in the electrocardiogram (ECG), have been thought to reflect left atrial enlargement, 7 left atrial hypertension 8 and altered conduction. 9 A simple ECG marker, Pwave dispersion (PD), has been used to evaluate the intraatrial and interatrial conduction times and the inhomogeneous propagation of sinus impulses which are well-known electrophysiologic characteristics of the atrium prone to fibrillation. 10, 11 Prolonged P-wave duration and PD have been reported to represent an increased risk for atrial fibrillation (AF) in patients with no underlying heart disease. 10, 11 Increased P max and PD are also related with stable angina pectoris, 12 acute coronary syndromes, 13 coronary slow flow phenomenon 14 and those undergoing coronary artery bypass surgery. 15 Although, there are few studies that demonstrated the electrical irregularity in patients with CAE 16 QT dispersion (maximum QT interval minus minimum QT interval) was originally proposed as an index of the spatial dispersion of ventricular recovery times in an attempt to distinguish myocardium that is homogeneous from myocardium that displays inhomogeneity. However, QT dispersion does not directly reflect the dispersion of recovery times, but results mainly from variations in T-wave morphology and the error in QT interval measurement. 17, 18 
The aim of the study
The aim of the study was to evaluate P-duration, PD and QT dispersion in patients with isolated CAE in comparison to normal subjects.
Methods
The study consisted of 20 patients with isolated CAE and otherwise normal epicardial coronary arteries (group I) and 18 sex-and age-matched subjects with atypical chest pain but normal coronary arteries (group II) at the time from March 2008 to November 2010. All participants were selected among those who had undergone routine coronary arteriography. In both groups, coronary arteriography was performed because most of the subjects have intractable symptoms such as angina and angina-like symptoms, shortness of breath, palpitation, and others, and their symptoms cannot be adequately clarified with noninvasive tests. According to the angiographic definition of Hartnell et al., 19 CAE was defined as nonobstructive lesions of the coronary arteries with luminal dilatation of 1.5-fold or more of the adjacent normal coronary segment. All subjects underwent transthoracic echocardiographic examination to exclude valvular disorders. The patients with the history of prior myocardial infarction and significant coronary artery stenosis either in ectatic coronary artery or in the nonectatic coronary arteries, Patients with left ventricular dysfunction, echocardiographically proven AF, bundle-branch block, evidence of any other intraventricular conduction defect, or electrolyte abnormalities left ventricular (LV) hypertrophy, hyperthyroidism, chronic obstructive pulmonary disease, ventricular preexcitation, and atrioventricular conduction abnormalities and those on medications known to alter cardiac conduction (antiarrhythmic drugs, digitalis, b-blocker, or calcium-channel blocker medication) were excluded from the study. P-wave dispersion measurements on 12-lead ECGs All standard 12-lead ECGs were obtained using a recorder (Fukuda Denshi Cardiomax Fx-211) set at a 50 mm/s paper speed and 2 mV/cmV standardization. All measurements of P-wave duration were calculated blindly by two observers. The onset of the P-wave was defined as the point of first visible upward slope from baseline for positive waveforms and as the point of first downward slope from baseline for negative waveforms. The return to the baseline was considered as the end of the P-wave. The P max measured in any of the 12 leads of the surface ECG was used as the longest atrial conduction time. The difference between the P max and the P min was calculated and defined as PD. QT interval was measured from the onset of the QRS complex to the end of the T-wave, defined as the return to the T-P is electric line. If the T-wave could not be clearly determined, that lead was excluded. The mean of three consecutive intervals in each analyzable lead was taken for analysis. QT dispersion was defined as the difference between the longest and shortest QT intervals and the rate corrected with Bazett's formula. 20 
Statistical analyses
All analyses were conducted using SPSS Version 11. All group data are expressed as mean ± standard deviation. The two groups were compared for unpaired data, using the Student t-test to evaluate the difference between the patients with CAE and the controls. A P value of <0.05 was considered significant.
Results
The study population included 20 patients with isolated CAE group I (12 male, eight female, mean age 60 ± 9.7) and 18 sex-and age-matched subjects with atypical chest pain but normal coronary arteries group II (11 male, seven female, mean age 59 ± 10.2). All participants were selected among those who had undergone routine coronary arteriography.
There was no statistically significant difference between group I and the control group as regards, age, sex, body mass index, SBP, DBP, HR and lipid profile, also There was no statically significant difference between group I and the control group as regards percent of (smokers, DM, hypertension) ( Table 1) . CAE involving all major epicardial coronary arteries including the left anterior descending artery (LAD), left circumflex (LCX), and right coronary arteries were detected in nine patients. CAE involving two vessels was detected in seven patients. In four cases, only one vessel affected, with mean diameter of CAE 5.6 ± 1.3 mm.
In group I CAE involving LAD present in 15 cases, of total 20 cases with ectasia, involvement of LCX present in 11 cases, and RCA ectatic involvement in 14 cases ( Table 2) . P max (117.1 ± 4.6), and PD (34.2 ± 5.4)) were significantly higher in ectatic patients (group I) than those of the control (group II) [P max (100.5 ± 5) and PD (18 ± 5.4)] P value 0.0001 and 0.0002, while no significant difference between the two groups as regards P min (P value 0.38).
C QT duration (401 ± 4.4), QT dispersion (31.7 ± 3), and C QT dispersion (33.9 ± 3.3) were significantly higher in group I than those of group II [C QT duration (391.9 ± 2), QT dispersion (27.3 ± 1), and C QT dispersion (29 ± 0.9)]. P value 0.0001.
While there were no statistically significant difference between the two groups as regards echo data (EDD, ESD, EF, LA, LVMI, and AO) ( Table 3 ).
Discussion
Coronary artery ectasia is detected with increasing frequency because of routine use of coronary angiography in the diagnosis and management of CAD. It has been found in about 5% of coronary arteriograms. 1 Coronary artery ectasia (CAE) is considered a variant of coronary artery disease (CAD), characterized by marked degradation of the medial musculoelastic elements, as well as disruption of the internal and external elastic lamina. 21 Although CAE is predominantly associated with coronary atherosclerosis, it is occasionally associated with other diseases such as systemic inflammatory vasculitis, connective tissue disorders, hereditary collagen defects, bacterial infections and congenital malformations. 22 There is no consensus about the etiology, prognosis, morbidity, and mortality related to this abnormality although several investigations have been performed. Congenital, inflammatory, and connective tissue disorders have been suggested as possible etiologies although atherosclerotic process is the main causative entity in the majority of the cases. 23 All types of acute coronary syndrome spectrum might be seen in patients with CAE although the most commonly encountered symptom is the chest pain. Selective coronary angiography seems to be the gold standard for the diagnosis of ectasia, which provides information about the possible size, shape, location and number of dilatations. Previously, coronary blood flow has been shown to be reduced in patients with CAE using TIMI frame count method, demonstrating the possible underlying pathophysiological way as endothelial dysfunction. 24, 25 CAE is not a benign condition due to its potential of causing ischemia as well as acute coronary events due to coronary spasm, slow flow, and thrombus formation that all mentioned events have been related to acute, sub-acute, and late stent thrombosis. A bare-metal stent could be chosen instead of a drug-eluting one because of possible late stent thrombosis. 23 The main finding of the present study was that patients with isolated CAE had significantly longer P max and PD compared to control subjects with angiographically normal coronary arteries. Atrial ischemia is a well-known risk factor for AF. Increased heterogeneity of refractoriness, which is present in ischemia, may be a substrate for AF. 26 Angina pectoris is a frequent complaint of patients with isolated CAE. 27 Although many etiologies of CAE have been reported, the common coexistence with CAD has raised the idea of CAE was to be a variant of CAD. Individual case reports have shown that isolated CAE may be a cause of silent myocardial ischemia, 28 infarction, 3 hypertrophic cardiomyopathy, 29 and cardiopulmonary arrest 30 Kruger et al. 5 found stigmata of impaired blood flow such as slow flow, stasis, and milking phenomenon by subjective evaluation. In Kawasaki syndrome, which presents with localized coronary aneurysms, Hamaoka et al. 31 measured coronary flow velocity with the Flow Wire and found coronary sinus flow to be significantly decreased inside the aneurysm but normal in adjacent normal segments. More recently, it has been shown that patients with CAE have lower coronary flow velocity than both patients with obstructive CAD and control subjects. 32, 33 In this study we detected that P max and PD were increased in patients with isolated CAE. Although the causes of P max and PD in CAE are very unclear, Senen et al. 33 have shown increased thrombolysis in myocardial infarction (TIMI) frame counts in patients with isolated CAE and suggested that increased TIMI frame counts can be regarded as an index of the severity of impaired coronary flow in patients with CAE. In the light of the recent evidences of reduced coronary flow reserve and of prolonged TIMI frame count in patients with CAE and the agreeable hypothesis, based on anecdotic reports, CAE can be considered a variant of CAD. A single global QT interval measurement from the 12-lead ECG has been the standard measure, but recently there has been a great interest in the distribution of the QT intervals, at a given instant of time, across the 12-lead electrocardiogram (ECG) leads. This parameter is called as QT dispersion (QTd). The QTd is emerging as an important new clinic tool as it has proposed as a marker of the risk of sudden cardiac death after myocardial infarction. 34 Increased QTd has important clinical implication in patients with a wide range of heart disorders. 35 we found in this study that isolated CAE was associated with prolonged QT interval duration and increased QTd. Increased dispersion of repolarization is known to be an important factor in the development of ventricular arrhythmias. 36 There is circadian variation in QT interval, and 24 h assessment has shown that this variation is blunted in survivors of sudden cardiac death. 36 The 24 h means QTd is also significantly higher in these patients. QTd is proposed by Xue and Reddy 37 as a marker of myocardial electrical instability and has been proposed as a marker of the risk of death for those awaiting heart transplantation. 38 
Conclusion
Isolated CAE was found to be associated with prolonged dispersion of P-wave. Increased heterogeneity of refractoriness, which is present in atrial ischemia, may be a substrate for AF, and other atrial arrhythmias.
Also isolated CAE was found to be associated with prolonged QT interval and increased QTd. The responsible mechanisms may be microvascular dysfunction and/or ischemia observed in this group of patients. In addition, only a small number of patients were studied, and these results do not necessarily indicate that CAE alone causes rhythm disturbances; our results may only indicate that this angiographic phenomenon may induce heterogeneity in ventricular conduction system and is not entirely an incidental angiographic finding. However, further studies are needed to elucidate whether the patients with isolated CAE are prone to development of atrial and ventricular arrhythmias. 
